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nt mvencicr relates the disc-: very C'f lipid 



regulating drugs, and to detern^mat icn cf efficacy and toxicity 
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A portion of the di.sclosure -if this f^atent d-icument 
ccntams material that i.s subject to copyr'i?ht p tect ic^n . The 
copyrignt c^wner has no 'jCijection :o the : a c r iit. i le repros; jct ion 
15 by anyine of the patent dscument or pater.t aiscls.sure , as it 
appears in the Eaten: and Trademaro Tffice r-aten: file or 
records, but all other cip^yright rignts whstsrever' are otherwise 
re s erve-d . 

Hi. ah levels of low-iiensity 1 ipcf^rot em (TEE; chcleBtercl 
20 ana low levels if nigh-density lipoprotein 'HEE') -holes:ercl are 
oith considered riSK: fastors for coronary heart disease. In 
ai;ditiin LEE ^hilesoerol is involved m c^ther-j genes i s . 
:holest.erol is synthesizeo predovmant 1 y m tr.e liver and 
transoirted ti varices ccov tissues i ^ 
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mediates 
■J and apoE 
. C) 1 e s t e r y L 
-in lip:'ase 
'ETP 

HDL and 



pel v-iorphisms of this cene ncive ceen nc::eo m cont:r(.l 
HI^L acc; 1 ir-ooro^e ins acnfian zs ce acti^'e.^y trans per tea 
pathway controlied by AECl. ABC-1 is induced by cAI^^P and is a 
mediater m tne cc^nversi'in of ape Ai and HDL-prt^c-i r sor tc: mature 
HDL. Likewise, secnritec; phosphci ipases , e.g. secr-:tory ?LA2 and 
end(jtheiiai lipase nydridyze HDD phospnol ip ids, tn-reby 
influencing HDL m^it aii^) i i sm ana function. SR-&I (';Di- 
cel.^ul-ir upta<e vid' cinij les te ry 1 ester from. HDL. Acn; 
can remC'^^e ch'i les t e r^: 1 f:nd phC'Sr-hclipid as well, 
ester transfer piitein -tETPi activity and lipi^pr:-*: 
als:i affost HDD liy revet^se snoiesterol transport, 
e X c r^. a n g e s c hole s t e r •; 1 ester <a no t r 1 g 1 / c e r i o e s \. e t w ^ > 
apo3, leading tc n i;esrease on HDD-C. Tnjs, ar. m:;: 
distrioution cf prste^ns affects cholesterol regulation. 

HMD-LjA reiiustase ^nnioitirs (the oest kni^wn -ilass of wnich 
are ca.Lled "statins") na\-r oeen availaole sinie 19t: and nave 
become -Dne if the mi-^t wi:iely crescrioed f£;miLies :f drugs. 
Statins lower LDL-D, ap-i E and origly ::er i aes ami r.::ise HDD-C and 
api A-I. HMD-DoA r.:-:hactase is an essential re aula*: :)ry enzyme m 
tne biosi-nt net i c pathway for snoiesterol and satalyzes the 
1. inversion if h:^]D-:iA 1 1 mevalonate. The inhioitiin if this 
enzvme results :n bith the down-regul at i an of chol^st-irol 
synthesis ai'.a tne zo- r e u 1 a^: i on or neoamo nizn a r : : r. : :. y 
rezeptirs fir 1 :ov density lipoproteins .DDD; followeo oy 
increasei catabilism of DDE cholesterol. Otnerwise, HMG-CoA 
red-;ctase : nn ir :0_.or do not affect tc a significant extent tne 
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,escol®' r pravast:3Lin sodium ; PravziCcl^E' 



atorvastarin 

;Lipitor(H)) and s im-as t at m (ZocDr'HO . Lovastatin and others are 



adriin : cered as prcorugs in thieir lastcne forrs and undergo 
first-c^ass metaboL:. sn, nepaiio 3ecrae3t:.raoiooi c^nd hya r'c -OyS i s oo 
the be^ a-hydrdjxy aoi(i aoti\^e fo:::^.. .?la':er (:t a:_, Crags, 3c: ^d- 
82 . Tnus, ^ ney appear m naon higher concentrations m 

the lic;er than m nin-target organs and the liver is their 
rrima!:'/ site of bstn, asoii^n .ind snie effeits. 



L'ing term use 



thess' dru'js res; 



narked increasi:S in 



serum transaminases anc 



:iochemica 1 abniirma.^ ii le: 



of liver 



w n s r- e c e i v e d HMG- 



runcti.;n in a small (^==1.?^! s.^t'set i;f t'atients 
CoA re^austase inhi!;itcrs and 'itner i. ipi o-l i-wer mg agents. See 
tne Pnysician's Pesk ?.efe^rence, 

ijxicity testing in e.5Lrly dr-ug de\'z' Icoment has shange'i 
]itt:l'3 in decades. Toxii:i:.y is r^re :i Dmi nan 1 1 y evaluated in 
laboratory anim.als us:ng hema i o 1 sq i :: a 1 , slinical shemistry and 
h:.stol jgical param-a-ters as maioatirs of oraan or t:ssue oamage. 

Statin druas a.re kniwa to a:ter tne protein pattern of 
various cells as detectaole by 2 -d im.ens i ona 1 gel electrophoreses 

2DG^o . Andersin et al, E lect rooh a r es i s , 12: 907-910 (1991), 
Grcmoi^ et al, E lee*, r aoharesi s , 1^^ 1 1 ' : 1 ^ 2 - - 1 3 l-^-:', :2a-:ese 
et al. , 



and ?a^ 
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cclestip:: ( Colest id^E) ) ana cnoles: yranine (Questran®). In 
addition, a change m diet, particuiariy intake cf cholesterol 
and fat--^, has an effect on th^: bloo; 
Mos: cellular pr-otems arf: pes' 



in id cc-ncent rat 1 on . 



under n'jrnial physiclogica.. oonciitions. Over 20C ammo aoid 
modi f lo i'lns are kni'wn tc cccur in vivo, P'.rishna et al, 
Pro>tein Structure - A Practical Approach, 2''^ ed. Creighton, ed. 
Oxftrd dniv. E'ress, :'1-11': :l'^:h^'. i;iven such variation, it is 
un :lers t and^b le tna t f unit : ona.. gencvLO 3 has s:. gni 1: i cant 
] imi tat v: ns in dei: ermin inc p-nysioic q ica 1 changes . 

Tissue pri'tecme analysis has F-revi^: usly been appliea to 
mvestiiiate the m':le:ul^r effects cf drugs and to obtain 
mf'jrmation -z-t. tnoir acti:-. Arce et al, L^fe Soi., 63: 224 J-5 
(1:);^8), Anjersin et al, T-xicol. Patnol. lltuS, 24, "^2-6, 
Anjersir; et ^2, r:xi:ol. Apjil . Pnarm.acil. l'-»yt, 



1 o 1 



Sterner et al, Biochem. Ed.ophys, 
Ai::ner s-t al, E:le it r Dphores is : 



Ch-=^m . F.i-s . T jxi o il . 
Appl. Pn^:rmaic:l. 199 
Ph s rm.ac : 1 . 
various ant. 



] Q ; 
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e- s . C immun . 1 9 9 6 , 2 2 3 , / 7 ; - 
191'S, 19, 19=^8-220 3, Myers et 
4(33-12, Cunningham et al, Toxicc 
16-21 and Steiner et al, Biocner 
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SUMMARY OF THE I^JVENTION 

The object cf the present i r:ver: 1 1 en is to de^ 
degree c^f eificacy and peten^m: tt:-::eity r esa... t^! 
aominis t rat It n of an antiiipemic agent by detection and/or 
q„.antif icatitn C' f at least one protein marker indicative of drug 
toxicity or efficacy in a tiolcgicai sample. 

It IS a further otoect if the oresent invention to 
determine pritem markers and ether proteins tna: are pi^tential 
targets f:r antilipemio agents and to enable screening 'if 
cimp'iunds against such proteins. Proteins strongly regi:lated by 
an antiLit'Omic sgent meoy serve as alternative driif targets. 

It is ar.otner obji'ct cf tne prec-tnt in-osnt:in to ii't ermine 
j^htri" c Dmc-'in^r'n t s in th't metaoolic r-a"t.way tnan tn^? one :argetea 
oy tne effective agent, tixis t^r therapeutic interventitn by 
detection -if at least tne prttem marker. 

It is v^tt anotner ob'ect if the present invention to 
aetermme efficacy and toxicity protein markers for antilipemio 
agents and establisn as prc^tein mareers tnemseives, cctn onown 
orit.eins and newl\' aiscovereo proteins. 



It is st..ill anotner itv 



tne c r e s e r 
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It is vet arother further cc;;ect of the present invertion 
to ooirioare croteio r^arkers of oaooidate drugs to proteio rtarkers 
5 fC'r known antilif-emio agents to deoerioine ocitparative effioacy, 
tC'Xioitv and vyhetner similar rteohanisms of aotoon ar'o- mvolvea. 

It is a still another objeot of the present invention to 
ri^-ermine vjhezher a subjeot will be susoeptible to> either tne 
t'lxro ami "or ef festive p'ro-perties of a partioular di^og by 
10 iteasurernent ■: f susoeptit'ility markers . 

Cther a:^pecz3 of tne invention include tne prctern markers 
tnemse 1 1' es , ovrot eomi c a i sod ays oont a i n i ng aiono rma 1 abunoanoes o r 
tno:- prt:te:..n mar<'E:r5, and iheir many uses fo: rese^.ron and 
msnitoring o^atients. Also combinations of p^Iural proteins 
15 c inst 1 t.ut -no a s:omO'i nat i m m.arker miay be used as other protein 
ma r ke rs . 

The c^resent invent i in aocomplisr;es this goal by' determinina 
wnicn prjtems are present in ao^normi^l aoundanies m antilipemio 
a ::ent -t re :ite:i livers and ileducing the meohanism of astion from 
20 tne oerturloed metao^olic oatnway. Initially, ail readily 

d-oieitakde tu-oce: ns are measured; but after the markers are 



ef f 1 iac:y 



tion, mcciitsrina of eitner patients on tne c 
jrat'sry animials m drug discovery or pre-clir 



r..;g or 

leal testma 
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chemicals that lower 
blood lipids, particularly LDL or cholesterol. These agents are 
usef'^1 as t'harmaoeut loals ar.^: loolode the ''static" ra:iiiy, 
hl^GCcA rtiductase inhibitors, tioric a t : :i to r it; a 1 1 \-rS , oi.le ac:o 
seqoest rant s , niacin, etc. IvniLe tneso antilipen;:o agents act 
hy a variety of different mechanisms, the h>eneficial effects of 
drags usi.ng these agents is well documc-nteo. These agents may 
iie m parlfieo firm, as a natural p'rod-_.ct ir extra it. 

The term "isclateo", when refirring t: a protein, 
onemical cc'mp I'S i : i on that is ess^^'Ut lai tree o:: 
O'lmoments, particularly mc-st other pvtc-teins. 



1 p 

h. e r c e ]. 1 u 1 a ] 
The term 



C'^ri t lea 



refers to a state where the relative concentration of 



a ]ir-:tein is si gnif i lant ly higher than a iimpisitim where the 
critein is ni:': outifieo. F'urity ^nd ni-m ig-Eite i ty sre typically 
aeteimined using anaUvica] tecnniques su::t as po 1 yac ry 1 amioe 
g-:l elest rcpniresis ir high oer f o r'manc-t :i:p.ii on r ima tog rapny . 
Generally, a purifieil or isolated prc^tom will comprise more 
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macr imi'iecuiar 



oresent in the 



V reph r.i 



Prefer ibi\% t.he ori'tem i.s purified ti greater 
milesular st^er^ies oresent. Mere 



ta' 



^re f or aol y , 



ssential homioeneity, or 



prefer aol y tne protein is punrieo t. 
wnerein other macrom il-E'Cular spec2.es are nc)t significantly 
detested ov conventitnal tecnniques. 
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an aaent. Many protein markers are agent specific and al^ 
aenote an a:^ount property and use of the "protein". 

The term ''agent" includes any cnemical, pnysical, 
biologioai, electrical or raoiation reat:oer.t ir oonuition wnicn 
is capaol^:: :if mcdifymg the abundance or a pre tern marcer. 
Disease stares and infection may alsr^ be considered an agent. 
Aqents may also be inert or substances believed to be inert with 



the invent iijn es 
p^harmaceut leal 1 y ^^-^ 

A ''lev'il" refers to ac^undar 



tabLishing the inertness such as pro 
acceptable carriers are trrly aoceir 



P'r:tein variant presense, concentration, chemd ral or~ biological 
acrivity, v;nlcn is -ietectatle. An "-Itered level" refers to a 
cn^inge in tne "level" wnen compared t.o a different sample. The 
"I'lvel" may loe an actual m-^asured arnc^mt of a protein but is 
cenrsrallv a relative "level" of a prrtem compared to the 
^^l^vel" of other priteins -rr standards, whish may be run in the 
sa:ne ba tc:h . 



"Small n'Olecules" are Irw 
cu^::anio mrleoies that are rec:: 



Tvrd. rally, small mcleou^es are 



^eigr. t pr 



re ceot O' r s 



pr J 
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be any 
a r -r r s ( 



a ^arae numr: 



.ecules , 



t vol ca^^' 
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lezeczir.g proteins m a S5r:;c^.e cy 



d b b :^ ^ r 



10 



15 



r e a CI G Pi 



an a r : 



.nmv for and 



:apable of binding 



D r o 0 e 1 1 



lae 



to iiganos. A reoector is oypioa^.y 
may inoludG^ smalL irolecuies. For exaT^ole, a: 
acts as a i-eoeptS'r. 

Tne term ''bind" incL„.des any physical attachment c-r close 
asscciatiin, which may he permanent oi temporary. iljenerally, an 
mteractii'n of hydrcgen bs-nding, hydrcphobic forces, van der 



Waals fortes, eti., fas 

lii::and moiecole i^f 



t ates phys:cial at tach:: 



interastiin may oe crief as m tne situation where binding 
causes a snemii-al reaction to scour. This is typical wnen the 
binoing c:mponen: is an enzyme and the analyte i.s a substrate 
f ^; r 1 1; e 7 '"^ e . R ^- a s t i c- r. t r s^ s a L i. ins z t c c n t c; it t ■ -a z v; i^ e n t ["\ e 
tdniuLng s:n:fonenL and one anaiy:-i are within tru' ae::init:in or 
icin:lina f:r :ne :iuri:oses if tne present inventim. E.mding is 
P'referably sr-ei^ifio. Tne iainding may r)e reversiiale, particularly 
under i i f f e. r -z n : i a n am c~ r. s . 

ooac'lina if tne twa sampor.ents mentii^ned. The nature of the 
tunamg may oe cheaiiaal cauplmg through a Imoer msiety, 
r'hysical oinair.a or packagina sash as m a macr amolecular 
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d e t e c t a D X e i r 
receptor bour 
s: reptavidm, 
b i o t. i n 



1- n pi r-iy 



; .-^ '^^ ^ . 



adaed reager.::, sucn c 
idded avidin or 
labelea v;iab labeled 



1 ma X t a n e C' a a 1 v z r Laze r , 



^ lI: vi; 



la siraaticaa waer-^: a cae:aica^ lacei is a^ 
assay, alternative iTietr.':'ds rr.ay be used sacb as agglutination or 
c. re i:ip Italian of me li ;rand/ reo^ip^tor ccmp'lex, deaeoaing 
iTMleiular weiant ohanges oetween oc^aailexed and unaa-mplexed 
li.jands and reoer:ai'rs, ip^lioal onanges zo a sarfaoe (e.g., m 
tne Biacore0 deviae) ami itner onanges m propermes lieava^en 
co'am; ana unbm.no iiaan:is zz reoep^om. 



An 'tarray" sr ''mimaisr. 



(aepending on size) is genera my 



a sjlid pnase sioiaainm:: 3 plarality of ciifferent ligands or 
reaec'tirs imrri loi 1 izeii mereto aa predate rmmeo Imatims. By 



no 



1 



a jn ^ :i L 

jr;e tan aeierailm- liirana 
jf tne ligands' strmt_n; 



;r ndem i ay m at 1- : 
its Imatisn m the 



miariar-ray. While nit a single si'lid pnase, a series it many 
liirferent si-li:! pnases -ir omer labeling strasture^ eaoh wit: 



jeterniine tne ^i::an:l 



o 1 i. 



: n e r e : 



array may mntai.n different resepmrs m pnysmally separate 



25 Inaiat.ims even v;r.en t.ney are not cc 
e>ai:aiali' a muitmtd. led r^la^-s. 



a a sj1i3 phase, 



^ci ^. ^ ^ ^ d 1 



are foand in abnormal abur 
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^^i p r c- ^ ^ 1 n s . 1 e s e c r c. ^ 6 i s -3 r'. c- ^ e s d r i orr. ^ i 

ds C'T ioir.arir:cj frc^m ar: oraanisrr. . Tne biologiaai sample may 
aken directly from the erganiam or tissue beiog affected or 
z±v from, the i^raamsr: ouch as frc:m serun-i or or ire. Ir. 

1 ef e ratd y a mammal . 

Toe term "protes;me" is a large rium;jer of p>ro:.eono expressed 
ir a bi om:'Oi.::al sample, representing the ts^oal, relevant portion 
ir preferably all dsoectaisle p^rotems by a partic'^lar tecnniaoe 
sr ssmtdnat ion of tetnniqoes. "Protecmie analysis" is generally 
:he s imo 1 : aneisus measurement 'if at least 1ml prs)teons, generally 
at least a few hundred prs'telns, preferably over iOOJ and most 
:treferaltly pl..ra.l tntusanc;s of oetecoahde TtrV'telns fi^c-m a sample 
'A'hen sep'arated oy varit^us t S:cnn i qt:e5 . In the r>resent, invenoit>n, 
t he rvrsm es'me anal ys i s i nvtd ves t wo-<i imensiS'na 1 ge 1 



■rle tt r tpvi'ires Is . Wnile tnis is 



an 3 1 y 1 i n< 



aene rai i 



ues ar* 



OS eo 0^:0 



::c:ept.:ir: le atio may 



t'O uses; ft^r tne pros en: Inossttissi if tney gs-ns^r 
sf g jant i tat i vely detectable f.roteins. Ansmner example 
distjssed in U.S. Patent Apolicatitn Serial Number 61/1^ 
The term "tartret'' refers t'S any protein perturbeii 



^te la roe numt>ers 



Freqjentl;,U a target refei's 



^ a a rug aeve .cyms'nt taroe' 
tap3.ole s^f binding, sr being altered by, an agent. Sus: 
levelonment taroets are suitable fir screening sandiciat^ 



d r u Q 



or' tunas 
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A ra*:e-iirr::.^ ^n:; enzvr.e ii^ tne cr.ole3tercl synthesis pathvyay 
13 HMG-CoA reductase that is competitively mhiisited by the 
statin class o: dracs. Whiie such arugs are efrective, li^^er 
cells alter tneir riietaeclisic in an attecLCt tc cc-rpensass for 



this disruotic-n. tuch s*: 



.ary drug ef tests iiiay csntribute tc 



tne p^na rmacc'l'ig ica 1 action, e.g. the up-regu lat i on -if LE'L 
j;^,3^et'ts:rs t'l remO've LDL frorr. tne blC'Od, t'Ut are c-ften related tc 
".-,-r-t n^,.-,.c ^ '-^U:r:da':.\:\o the biocherohsal r^atnv/ays and 



10 adverse r 



C O 

1 O 



/.etKirhs affected up'Strearn and part i cul a.rly down = trean from tn- 
r:lt:ck3de S)f HMG-tsA reductase, methc^as fc^r t'Otter drug design 
5n':icsr ways fs-r cs^mp'Onsat ing fsm toxic: reactions may be found. 

I'tner ant i 1 ip'Omi : agents may ftnts:tit'n k^y different 
mecnanisms S'f action .-and tneir toxittity ii^ay re ^E^ntircdy 
s;iffer'ent cue tt tneir different cnemical nat:.re. H'twever, 
betause tne t ne r ^r^eut ic effects themselves ca^se certain 
se-.Ojn:ury dr-u:: effects, similarities were noted sltnough the 
metn^nism ci f tittit'n and shemissl strut: 
While t.ppl:::snts tit not wi.sh tt c 

believed tt atstunt ftr many of the effests of certain lipi 
iv^wering drugs 5;n:i p^rtvide a logical basis ftr the pr-s?ent 

f asticn have beeit presented. While the 



n \ ' a v 



V- 



m'/ent i an . 
s-:'rtain themes . 
exoe ct e ti react, i tn; 



30 



J f 



:rar:3iat icnal cleavage, ecc. Eacn "pro::e: 



V (i; i_ _u a 1 . 



^ : s a ; 



1 



may nave 

This IS clearly deruonst rated ty the data 
serves as a ore re in mar ice: 



h'elow where c>ne ^-^ersisn ot a prote 
A'vereas a aifferr::nt version of the protein Goes not serine as a 
protein marker. The |:roieins may be of one same origin or 
.^nO'iileo hy different genes. An example of suon is m HMG CoA 
s\'n:hetase or a oleavage t-r breaodown product thereof. As such, 
!:nanoes in the mi:NA arundance would not necessarLiy reflect toe 
marker utility of tne pro:ein. Thus, aotual c:easuremenc of tne 
protein abandance j:>er se is needed. 

Prctecmi:s is uniquely useful m deteciing and quantifying 
po^st-t rans lat i jnal mooi float ions . Not co.ly does functiC'nal 
';K^ncmias (typically tne measur^-ment of different levels cf mRNA^ 
::>rcvide littlS' mf i^ rmi: : :. an on tMA soiioing, b'„.t alsj it is 
iK'Viii .-f o jst-t ranslat im)nal madif loat i an t'C r'roduoe pr-item 
variants. Measuring mr.NA merely suggests a passible rate of 



■a: e 



1. - V e 



'in ma : u r'ao lo^n snc 



synt nes 1 s n it. 
20 Level if 

isc-alest I'lo mint ir :iass, ana hence t.he spit lacaticn 
liimens i anal ael iue ti cLiarge and mass differenses. Given 

25 tneir kr.own ahan:ies as a amseguence al ois^^ase or 



,■■'1 ^ ^ i 



o r 0 ■ ■.. e ; 
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.3 anas o 



However, most p: 
:een .iscla^G-a or 



cc^nsaiiLing and i^ost proteins are oonsioered si:::ply noz zo ce of 
mr^rrest. Tnese teohniques separate the prctO::n rr;ixturt:S 
according tc only o=ne property and thus tne separation may net 
ice coniTilete. To enhance ruriiication and sena. ration, maltipie 
Qj^fferent seo^^raoiO'n tecnnianes are used m serres. However, in 
crder to do st, eaih fraction ftcm the frrst separation 
tecnnicue m^^st separ-tely be fractionated 1: y a second technique. 



iVS'ic p>ro)l::lecis with handling sc many 



ra ■ 



replicants csea tw: dimensii-nai gei e lect rc p-n-i res is tnat 
^eamLessiv merces ^wi ioiffer'ent : echn icraes . i"ne pt-ocess 



:i:)iec:tin? the sampl 



o ret em 



i S'lel est r-ic focusing 



in a pH gradient, t.referably in an elongateci ^el to^ H'lid the 
r^rtt.eins on rneir separated siat-t. Tne e]'0ng3:.tei g-il is tnen 
fUted on bi ::el. sheet -ni sahyeored to denaturing TTS gel 
e 1 e rt r jr:nor-es 1 s across tne el<jngE;ted gel tnro..gh tne gel sheet. 
Jsjelecznc fsousiryj separates tne prtteins basea in marge, 
r^eiiaturina :to I elt;:v roc'hii'esi r separates tcMt-ai^i mtlemles oase: 

c ir resp^ 
we 1 gnt . 



I ^ _i_ ';n, U .L 



a 15 an inciic:atim or moxccu^a] 
imal oels are creoareci aotcrdin:; to the 



mtnods in 



0' z ' ^ s u i t a b _ e ' 



■ U ^ - ' 



K: 



)wn per 



■e ana found ii: severe^ nuc^ica^ 



crctems before loir. sepa]-ates them 



.IS will actually 
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Parienrs >;:^n r.igr: seruni cnc^es^eroi, part:icu^a2:..y ^no:-- 
Aim hian LC'L levels ccrr.pareci vo levels ivay ce evaluated 

basea on levels ava caeeervs ef prc*:.elvs frcv: a bicloaical 

in t creating vhe condiviov vvLtn an a ve :. 1 Lpev:ic agevv r^^ay a^.s:; ce 
deteirmined by c^re^veome analysis of a biological sample from the 
cat lent after a short period of oime on therapy, before toxicity 



icecC'ines evio^ni oy qro^s 



o r 



^ y" T^^] ^ O 



transaminases ana verr^aps even before efficacy is c< 
10 repeated bdi^id cnolestercl assays. 

Tnerapy may also be ta ill-red to the individual bef:jre 
tioclnnlna therao^\' t-y os- r f iirmumg proieom.e analysis c>n a |iatient 
saiT.ple sno lllT.^:^3rlng tne protein pattern to r>rorein patterns 
fr^cm a stance rsii. zee nsrmal and/or s : anda rd 1 zoii patients known to 
15 respjcnd tc I'ac: i S''...s ^ntilir^emic orugs and/or s t anda ril i zee 

patients wh^i exp-iriense toxicity frim statin or HMllloA reductase 
1 nhirj 1 1 i no d 1 1 i . 

Once a tirstein msr-kt-r of interest has been identified, it 
may oe prc'cuced by a number of different methsds, many of which 
20 are unrelated ti tne m^^nner oy whicn it was identified. 

Likewise, :iice pictem maroers are oetermmea oy proteome 
analysis, different assays fir routine use m test animals or 
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"^easi 
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parti, 
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1- plar^z. ar.rl ar.inai breeaing, ana 

the experir^ents be lev; is or. :._r:ai: 
human use, the present invention . 



nurtoer 



a X s 



o ii s e f u 1 f C' r 



aqriculiural , he rt icul tural , comp'anion animals, and wild plants 
and animals . 

In the p^reient invention, high oho^les ten 1 diet ^.s a proxy 
for ~ disease state as it is diffiouit to obtain b'lth high and 
lew serum oholesterol m the same popular ism: 'if inored rats. 
F'rctein markers ivhioh are elevated rn either :he high 



nc IS'S t. s-rcd orout' 0)r 



the d r u a t r e a 1 1 



o: her a re p.s rt ioui a r 1 y 



V I. iat^ 



ma r Ke r s 



It a 'E: D r e s s e a i n 



for tne dis carder. 



Tne same is true for other physiological csnditions, 
particularly disease. In sucn a situation, protein marKors from 

\5 diseased an^l treated indiviciuals are aopropriate c smipa r i sons . 
M:re t'referred are oiological samples frii:i diseased individuals 
ta<en b-if'srs- on a rma sent i lal treatment and matched samples from 
th^: saiTi^: inoivi avals after pn.arma seat i sa 1 trea:ment. Such a 
me:hoo. is alsi mare preferred for non-inri^red osx^ulations such as 

20 tnase Oi" n..:mans. 

rhe examoles m the present in\'entisn uaea mbreo rats of 
th^: same aue to reduc^: 

IS the result fram. the agent. For som.e purp'Sses, it is laea.. t 
use tne same sue i est ' " " " " ^ . . ^ , . 

25 For tests m numans, ' 



enetic variability SC) that v;hat is seen 



ci V . i ^ 



V aco^ 1 can ^e 



plants, 
■ s and 1 n 



ces 
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One can aisc use the present iiv/ention so alter tne 
srganrsrs' s me t at-: L i sm so it responds witn grsiater efficacy or 
less tcjxicif/ to a civen cornp:jund. This rs p-art icula r ly useful 
fo:r trtE'Otinq corinc^n diseases vitn cherricals ':nas are otherwise 
ns't ef I'S'Ct: i vt: oi' ov^E^rly soxic. 

Ths^ r:>resent invention n;ay be used as a |iroxy f-ir 
t radio i.iiial tS'XOOity testing 'if new compounds for n^sn-drug use 
such as cosme:ics, pesticides (herbicides, f-jngicides, 
insecoi lioes, r orient i c oiies , ant imioro:cial s , etc.; , food and feed 
adaitrves, fertilizers, agriclt ^rat and ooniumer products 'for 
csntact with an :rganisiTi), waste effluent fr-im industrial 
p-r J sesses , et i: . 

Pritein 5;bun:ianses ^ini o-Eo:e expression regulation following 
sxoisure tc van its oitligi sally active agen:s is c jmplertentary 
:i tne mfirmstim t.ypi sally tt'tamed by coni'ent ion al tissue 
sliie-baseo t:)Xi:^ity ssarinj. By comparing rtroteins expressed 
fjllowrng treatment witn a given agent to untreated cent r sis, 
me san identify shanges rn zhe otoshemical pathways via 
joserve-d aiterat].ons in a protein marker or sets if markers that 

a a e ^ t ' s t f 2 s a s v ^ 



may oe r erase a t 
assumipt]. an is tnat chanaes 1 
msrpnolc; ai sa 1 changes ana th 



abundance ere se ae 



r - 



ran is r^ a ; 
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cpu^arior: or 
-'J c a n a 1 ci a t e 



nesting < 



■nay be savea cy a\^c:air:g a: 
candidaaes v;hicn prcteoT.ic anal; 
"a I lu re . 



r r 



can maicate are 



A m^=ah-:'d f-rr ■:juan::itat mg the level of tne proteins of th 
present inv-5ntic:n is tne abundance or ratro C'S:opared to a ncrin 
lOr nnoreaOf.e:l contro>l, alohcuoh 

vith.in tne sco^P'O o: tnrs invention. me ^evei i LioLe^n may 
also be aeoerinined absolutely or as a ratio oimpared to various 
ccinpcnents in tne odobigical sa:nole being oes:eo. 



ner con:paraoie meonoos are 
:his invention. The levei c f " or<stein may 



samtle as the S'lurre o t proteins, other tissu-:s ano oody t^uias 
15 may re used. Si-iri:es of proteins may be distant fr'om the actual 
-■raan tissues being affected, sush as measuring prstein markers 
on strum e'/en wnen the tissue t'Oing affected is the lung, 
r.et^resent at i vo' fluids incl:.ae t'liod, serum, urine, saliva, 
fei^es, sciutum, -13 F, etc. 
20 oeoeniin:: on :he p^rot^tin sample soiree, different protein 

m-rkors may be developed ana used. Likewise, the base-line 
E:.:i „.no5nce )f various critein maroens may differ betAoen rat, or 
itr.er animal, and numan soirees of protein?. Homolooous 



tir oo 



th effisasv and tixiclty 



o r 1 1 e 1 n 



:anus i: 



20 



20 



-1- 



sar^C'le. ■Ir.e results 
Q f:. r .-^ t5 ti Q i t r G r €■ ] 
A p^art icuiar pr^ 
levels in zhe. sample 
This will aenerate a 



Q rn_ (5 .3 e X c e r i !Tl e n t a r e c o t?.]j are 



; d 



level may be corr:parea zo vota. 



c; r o t e 1 r: 



it a cencenerat ic-r; contr'Si is desirs^ci. 
eceffieient tC' cjirifC'are t : standards so tnat 



10 TC.r 



jn^irs'l neeci nee te ren sioe by 



rmined \jv measurmo 



■ i e e s- v e r ■/ t i rr. e . T o e a I p) r ' s t e 1 n 

:tal ^src^eeen ;seinq leadecl e)n the 



gel, out preferably, i: is eomparea 



. ne 



ii.^, (jther sp'SCs i: 
2'JZ cel. Al t e ma : L s'e 1 y , 'sne may ci^mpare a p^articalar pic)tein 
a standard t'ls^tein in :ne sa.mnle (natsi.ra.l internal ■::entrel) o 
ads:eo tc :he sample (aedes: internal esntrei^. 

PrC'te'Smiie teenr.iqnes were nsesl t'S study prs'teomie changes 
nil' 1 caiea 1 sanipvl 
fijuna 

1 r. rar Irv-^'r r-rstsd ns, son:s: of whisn were r€d.ated 
syntnesis c»ut msny 
This oa^.tern is zn 



cricks were 
a It er ion: 
:hi 1 ester J 
enrict tints. 



s frtmi ant il ir-emi t drug treated rats. The 
to inouce a t:t'mpl'tx pattern cr ''signature'' of 



cti:tg stnei" pa tr. ways anc 
f.tr St allying the 



bi:lji?ital effests of ^n sgent tr tor hign thrc^gnout screening 



■f ttner- 

M - ^ , 



~v ^ t d'-'Cre--! tf 

3ntilip-smic a.gents suth as .ttntd.n 
i:r... US w^sre tietectt'C nv tn- 



ort^tein maivKers 



Several represent 
Protein :^;ar ker s 



4S ^ : - 
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rr:ezaboi 1 srv., 7; aminc^ acid rrietabclisTi, ■:■ ] protease inhibi::ors, 5) 
cell ciocalinc, i:) apoptosis, 11; bice, ran 3 f ^^rma 1 1 on , and 12; 
*:::iG' ^C':TiC^nc tdn:: inc p r c; ^. 'E' : n . Soecifcc c:acrcec.E m ca'::n are 
descric'cc bel-:w. 3eu\e of rnese :cay absc .Eer\-e as nev; drac 
z.-rqezs for tiolocical effects relaticq tC' c^:Creasi.ng 
chC'lesterol syntnesis c-r remcval frc)m ljlo<:'d. Addici-jnal ly , they 



mav ije ::rcc taraeca for ame 1 r c^^at inq t'lxicity 



>r anccner a: 



fri'in cbi 

.liperr.ic drag anc; po:en:Lally from any 
_ :,rnr"jun':; r^r^jdc^:: nc' cc^xicicy cy tne -Eame pathway. 
Tne i:'rc::ein cp'ica aff"ec:ed by the trea:menc were identified 
ana cr^iaoed h'^seci m cellular function ana c^a r t i iirja t i on m 
rdichemical sno signaling Tiatnways. beveral interesiing 
observer i^jT: w-rre rT[^.de: i) The innioitnin id ine enzyme HMG-CoA 
reo.ai:sce ov inni;ii:i>rs sui^n as statins privi'<ed a regulatory 
r'esoiinse assioiatea witn tne strong inauciiiii c>f tne enzymes 
lyti'Silic HMli-CjA syntnase ana I PP-isimierase . Tne fait tnat one 
enzyme is liiated ji'wn-scream ana me :s ..p-nireim of tne 
obi:kaiS' i;emins:.r ites tne iiv-ir's attempt 1 1; maintain normal 
in lb. e s : 1- r :■ 1 lyntn-Mis rates. ii; The livei' respinse was not 
c: tr 1 1 " a 1 z 



r ru :i ise - 1 , 
dehy jr i ^en a 

r^, 3 -v t -i^ >- 



bi 1 s rb. J s I 
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treatea samo^es 
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es 



a i i i . L a _ :r^ 



These mar^^ers provide i::3iqhts i 
induced in resC'Cnse on secondary 
ohe drug an(i ougoeso otner protein targ 

C:holesoer;ii rieoatoi Lsn: .:^tat in oreain-f^nt. 



nto one pathway regulation 

^■'^ ^ h e r .a v e u t i c a c t i. C) n o f 



one 



ts f':r druq oevelocnent. 



abundance of bctn cyocso-iic ana mi i o chondr na 1 HM:.^-CoA synthases, 
OKO enzi-^ir.es with simiiar f unct i'jns but encode:! by different 
genes. Also n-nte Ayte et al, t'roc. TJaol. Acad. 3ci. U.S.A., 
:t:::74-t37: {i9:'0). H[iG-CoA synthase drives the sondensation 

iitase. HMG-CoA re:;ictase is a rate- 

s tercel syntnesis patnway and 
: ■ n a. t e . W h i .i e c y t o s id. 1 c H M ■ t - of\ 

be :ne targs: of t ne st-oins, it is 
si b i : ss'nt n^rS 1 s pathway, snd 

if the ketone body 
jn:irial HMG-foA synthase 
20 m!iNA was found ti oe greatly ir.sreasoo oy starvatian, fat 

feeding ami diab-rtes, Casals et al, Biimem. J., 263: 26 i-264 
(:;*?2:. Tne strinc induioiin if cyti^silic FiM2-C :;A synthase 
fiiiowmg expisui'e ti statins may represent a feedbaco reaction 
;^ •'■ ^^*"-^rpLiot of 1 Vn=^ ] i''ei~ t !■ oor.ioensate i 



ill aieoyi-oi'M o'l.n <-i^t-^.^ 
substrate fi-r nMi;-oi'A red 
limitinj enzyme ■: f tne ■:.n<: 
sinverts HMG-oi-A to mevab 
S'/n*:nase is ni: :hii<gno 
asvo:do/e.d m the ohibssoer'; 
m i ^ jsnondr 1 a 1 hMi';-2iA syntnase is par- 
syntnesis patnway. For example, mit-i 



lO'Cai reo 



h e n 1 e s e r \^ e s 
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t r e a c u r. 



:e or 



TscT'enrenyl-diphcsp^hate ael^a - : scr:^erase ( 1 - r - i s or":e r a se . 

showea zhe most: prGminent effect following oreatioeno v;atn low 
5 aoo n^qh ooaes of statins; its levels were induoed about 2-fola 

and 2'i-fc^la respect ively . This enzyme is part of the 

ohiilesterol c irosynthesis pathway down-stream of HMl-CcA 

re-;;^.: :tase ano participates in one steos resolt:ng m one 

coro/ersion t^f nevalC'nate to farnesyl diphisphate. The strong 
10 iniJiitiin cf this enzyme fC'llowlng treatment wioh HMG-CoA 

re-ai:otase mhititO'rs is likely an addioicnal attempt of the 

li'/er tt' maintain cno Leo te rol syntnesi 

HMl-loA reocstase. Therefire, this pr 

target fir drugs ant agor. i z i ng tnis enz 
15 enzyme is nit r'reviC'Usly known to oe a drug target for 

in 1 le ?ti' lo 1 syntnC' r 1 s i :".hi:i i t lor 

ner'Otjiire irdmo/n liruo tar'oet. lompouni;s InnioL" 
isimerase ased in oi^n j u:"iCt win witn ;-iM3-i:io\ Innibiti'rs are also 
su] t ahde :: imbinat i/ins fir ona rmaccl igica 1 use . 

20 Precursor apo 1 i poprot e in A-1 is stringly inireased with 

st~tins. As witn mist ii f tne apol ipopri^t eins , apol ipcprotein A- 
1 IS syntnesized m tne liver ami tnen secreted into the blood. 
lt.s f^nctim involv-^;s tne revers-E^ transpirt if cholesterol trim: 
tissues ti the liver, tne site wnere chc], esterol is metabolized 

25 arwi secreteo. Tnus, the increased synthesis cf preiursor 



3 rate during blockade of 
)tein rep ri^ sent 3 a good 
-me' s act ivittw This 



an^i ther'efore represents a new 
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ass; 
b e c <■ 



lazed witn tasting nypcgiyc 



— — / 



d metabolic a 
-r'acjhr a b: 



1 u c: o s e - - p h O 5 ; 



1 -dehvd rocfen 



:he pentose phospnare parhvay, is elevated by stanins sagges" 



the up-requla 



-f the regalati^ry netwi^rk when central 
eneray me t abi'l i sm are affeited. This effect 



if the pentose phospnate pathway. Although 
the primary target cf statins is cholesterol metabsdism, in 
parallel it nas majcr impacts cr. glucose metaoiaism, 
d emo n s t r 5: 1 1 n g t n e r^ c w e r 
funsticns surh as -inergy 
m:ay also be relate:: to the treatment related decrs^ase m v;ei.ght 
gain in the nign di'se gri;up. 

M-emor ane T raf f i skmg: Lovastatm induced a dose-dependent 
intrease in annexin IV. The annexms are a griup :>f homologous 
priteins that oi.nd n:emoranes and aggre::ate vesicles m a 
oa ; ci .m-oependent f^^shion ana lontam a oindm:: site for calcium 
and phospholipid. Annexms privide a :maj sr patnway for 
oontnuni sat ion betw-sen rellular memoranes and tnei r sytoplasmi.c 
envininment c^nd are imiilicated m membrane-rel ate :i events along 
Fxscytst'C and endtcytitic patnways. The mdustian of annexin 
IV is likely related ti tne up-regal at ion of Lib reseptcr has 
part if t..he pharmaculo aical action of statins^ and the 
subsequent up- regulat i an of the endocytosis-m.ediate d transport 
r)f h , ^ c; t o >" - c a r r v 1 n 0 _ n o c t c _ ^: ^ n ^ . . ^ ^ _ e r tr ^ ^ . s . , 
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suijunit cf c vt o <er a t m ri^ar:er:ts t:".a:: are :r.pcraar:a a-.:raccr.er: ..s 
of ^he c\'::csKe brtal structure. Major vault protein is required 
for normal vault structures, large r ibc nucleoprot ein c^articles 
that may oe mv^jlved m ni:cleo-cytoplasm 
St at in-meo lateci incr^E^ase of prote 

siructuro and m^^mlararie traffic<ing may oe reiateo tc; oellui 
siress ind..oed liy hi':|n doses. Tnus, tnis protein primarily 
represents a maroer fsir tCiXLoity. 

dalo i i.m Hi'me<i stasis : Senes se: 



ma r kei p^rote in - 3 0 ( SM?- 



Is decreased in r^eso-mse t'l statin treatm.en 



5M: 



u a 



oytos'ilic oritein v/ith oeoreass-;j expressis^n curing senescent 
stages was recently ref'irted tc be- identical t«c a caicium. 
binding or ate in . tailed reoucaltm, Futita et al, Meirn. Ageing 
jev. iO: 72 7 1-71:0 (lid^l). 3M?- 30 is stages ted tt^ rett^late 

e : St as : s s-v enhan t ing p 1 asma merr.brane ta it: i um-pump) mg 
Its ti^vA-n-r'-tciat it:)n in iivei'S if rats tr-eatea with 
cf sm::;t Ins it' ad tt :he di s it^gu 1 a 1 1 on tf sal ot urn 
n:i tauses oallulir stress. Tnus, tnis ouvo:oin 
primarily recuresents a marker foi toxitit>u 

uucl ett lao Meta;tti ism: Adenosine is an enicgenous 
mtdulator of interce 1 iu I a r sianaling tr.ai 



c t. LC lumi n 
act iv i. ty . 
h: jh tlose 
s i. gna 1 m c 



^ u ^'ttivides nomec^stati; 

oauctions m tt'il e>: t: t act iit o atrma tissue str'ss.: a: 
ne inntb:tory attto:ts tf a ten a 5 me ar-t mtiOiatt'U co' iru 
i.th soecific t-a 1 1 - s u r f a ce 1-prctein ccuplea rect^pttrs 
emulating memorane tat.ion tlux, polarica: 
f exc 1 ta: or\- ne^urot r =:t.sm; t tois . Aaero: s : : 



:ienos me 
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:he pr jt.e :: t ive actic^ns ot ad-E^riDsine 
it v;ojid function ^^rirr.arily 35 3 marker 



treat:n€?nt v;itn a stat 

aurin'^ sti^ess. As su 
f \.r :.'j>:icit,y . 

Arninj A::id M et ab^ jJ.r srri : 2; - H y' d r >: y a n t ^. r a n 1 a t -E: 3 , - 
:1 i. jxyoenase , an enzyip.e dz trypte^:}nan metabc-lism that ::atal.yzes 
the synthesis of excite toxin 'ijuinclinic acid ('jUiN) frc-m 3- 
hy ilri'xyant nr an i i ic acid, is d^Eicreased .in iivers jf sta: in 
:.r eat rats. A similar Oc'Creas^E' is fc;nnj in c^neny 1 a lanine 
ny ilr'jxylase a key enz^'me in oneny la : an i.ne ine t aco 1 1 sm . Its 
de f i'l' is^ncy res .iit s in nyp-erpheny .1 alaninemia , leailinc ti' severe 
mentai re t ar :1a t njn in the classical form if the liisease, 
phenyl -:eti;nuria, Licht e r-Ki:nei:k i et al. Mil. Genet. Met ah. 

(lr'99). It reiTiains unclear wny siatin treatn^ent is 



1 



nzymes m liver but may r^e related 



;ity and/iir indirect efficacy of a 



CM'vn reiulatin^Ei these tW': 
ana a marker fz^r indirect coxlc 
Stat i n . 

PrC' tease Inhiiiitors: The serine r^ri'^t C:ase innib: 

:ns that function ti- ciint; 
2ny diverse physic'lC'U ica 1 
vjLocess^bs , The exc'iessic^n of serine nrotease innibiifir 



s e r p i n s ) a r e a f a m 1 1 y c ? P' r o 
iricn cif serine D.roceases m 



iivastatm arre ^irCt 



1 n o use 1 n r 1 a mo: a t o r \' processes 
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20 



rami 



1/ ca^:T.cau^ ir-aepenaenr p: 

X~). y — ' ^ ^ > -! c: 0 ^ ^ 

1 ^r-Era -eci aeon zreatr^er:' 



7 a 3 1 a 1 1 n , 



H 'v^ a r 1 G r y 

fa.mily, indadinp lipid h'indLnc, n-iembrane si.grial r raaaaac t Lon , 

witr. t.ne cie L 1 -s lanal i aq riLac^aLnary Ear.f:.'z;ia aa al, 3Lrac:aure, 
5:1245-54 ( 1 :0 : ) . Taa al ae rat .i cas ir. tneae pr::::.eias ir^dicate 
aaa:: a aaaaia affac:t5 cell SLgaal.ing and c-rc-vnaa suitable 
aaroet.3 for 'lirjg discjvei-y and iTiai<ers of. efficacy ana acxicaay 

Ap jpao a ia : The prc^aain proaa^'t a: a gene wian ane naaie 
"in'iiuaed in an^ilr c-aan- i ndeijendent [jra)State ceLla k^y ef:ectC)rs of 
ap'C'C'O'jif 1 s" was inciaceo in ane liver of staain treaaed animals. 
Tne ino'^ctia'n jf this gene has kieen shc-wn aa^ be apOT:'ta)sis 
s|?erifia, Sells et al, Ceil drc-atn 5t:ffer., 5:4:5-^f ■;i??-l:, 
3a.ggesting :nat t'jxie ds^a^E'S of lovaararin aaigaer- aaonraaia :.n 
liver aella ot treatea rats. Similar C'r^servaa 1 :jns nave been 
rep'-irted fr-jm in vitra^ expier im.ena s witn l^ja^a ?a at i n , >Jang oo al, 
Can. J. Nearal. .5 :: i . , 25:5 55-15 ;1?59!. Aa elevati'tn of 

r aC'E 1 1'^ 1 a r- cdicium is aenaral :a apjr^ata i a , tnis event rs 
lively ths: ::jnsec:aer 

levels. Tnus, it 

a^nly a r a at in bat a' 
aaeat 'tr aa^niltiav. . 



:; aiaa a roanv 



a nv a o a ' 



tne aearease i: 



a a^ a- d ma r k e r f o r t. o x 1 a i t \' a- f n 
■sis related res o n s e t a n 
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o D r c t e ; 



15 



20 



r.oz te::\al.e rats, sec ret ea 
. tr:e urine, Roy et al, Prcc. 
::.xp. ^^^1-tr. Meo . , . / i : i: :^ 4 - ^ ^ ' ^ 9 6 -5 ■ . It binos phi 
that are released from drying urine and affeot the sexual 



s ^ t e s : 1 e a i n t e 1 1 1^ e r c i ma ^ e ; 
into the bioc^ds t ream and excreted 



^, ^=1 y r-. in-> r-i p p c:; 



t-mavicr o 
induce a t'lxio sy 
0 1 1 ■ t : u 1 1 n n e C' n r c> p ' a t h y 



There are a number of ^nemiiiials tnat 
narome in m^ale rats referred tC) as aipna-^ 

t ixicii V is 



nis C'tgan spec 



character i zee by an accumulation of protein oroplets in the 
rriximal tuo.les. It was sutgestea that these orinlets migtt be 
tcu'med by t.he assc'ciation between the chemic^u. ami tne alpha-2u 
tu-otein, Bjrgnoff et aU Annu. Rev Pharmacol. T'lxi'Sol., 3G:34 9- 
:.:,7 (199id. nigh doses if a statin strongly lietrease the 
ah'undance of alpha-2u glibulln in liver sucgesring a down 
rviTulatiC'n if its syntnesis ir its increased s^ev re i cn . It is 
likely tnat either this t'totem has an additiinal functii-n or 
that Its effest is insidental. In eitner situation, the protein 
may still serve a functim as a marker for effisacy or tixicity 



ci : 



overt t3:raet. nven :f the effeci is 



mcioentai, it remi^i: 



r--?corted tt oe s:r:)nol\^ inv::i::eo m tne ^iver if r^^dents 
f/liowln:T treatmeni with per:xisome cr 1 1 i f erat or s (Anuerscn e> 



. o tee c t 



identified as 



^0 



serve:^ 



In the present mventic: 
■ a n 1 1 1 a 1 1 ■/ e alterations in c 
C' 1 r o w r r. cj t r e a t itl e n t v/ r t n 1 1 p . 



lovastat m 



:or® ^ . Lovastat m 



rcteorr.e analysis revearea 

roe n a Tiber of heDatro p rot eons 

'~ a tr n e Ti 0 s o o t c; a r -i^ 



alterea tne abundance 



12 hepatic pr; 



(p<G . 301 



and other marker prcteons (p<C 



0 i a 



re listed below 



. nese 
hner 



ant i lopeiT.ic agents producea similar 
summarized in Table 1. 
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e loot ropn :) res I s with the number :'f samples {n = b) Einalyzecl per 

^riijp ronsiderrng the V:iriatr:;n e-/en :?etw 

Appl^. :'ants na\^e f:)un:i from ct.ner sr.aaies 

sertainty are njt oertain at 311 and orixd 
10 rate of fslse C) i-s 1 1 1 1'es . 
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ce result 
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drug targets miay ise gleaned. By disc<ivering c-msistency of 
prC'Oein mar<ers betw^ren similar agents, tne statistical 
significance c-f ohe marker f-sr ohe class c»f agents mcr-Eiases 
greatly. F ( t r e x a m i e 1 o \^a s t a. 1 1 n , s i m t^' a s t a o i n a n d f 1 u \^a ;5. t a t i n 
artE' chemiitally and p'narmac;olc>gica.l 1 y sim.ilar anta with respec 
Keratin type 1 cytos <.elet a I 1- in the high dose, tne p \'alt:es 

the jtrijtein is a mar<er fc^r Itvastatm, it is logis:al t.o 
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sccion. Tue markers for varrous drugs are given in rne Tables. 
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aged rats, T:;V3Statin, ahoiestyramine, nrgn cholesterol d:.et and 
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jf p-roteins cimpared to a control v/lth given p values and other 
statistical data are given in Table 4 below. Because the 
exp'Oriment al conditions v;ere slightly different from the above 
experiment, siime differences v;ere noted; however, many markers 

15 3'f particularly interest are the sam.e. 
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:^^p::esent a scmewnat aroitrary 



10 



15 



20 



find oroteiris v;itr. 



Mnce ai^ p \'ci^ue cut-err 
thre^shoii, it is posstole ana iikeiy 
rr.ar-:ers asmg one emcnarr-^en t cf tr.e 
by looking at relateo agents, wnitn 
3t2:ucture or me than ism oi: actitn, or: 
altere:i aoundante with respest to the contrils. Even thaughi not 
Stat ist 1 ta].ly significant alcne, if sach a cirotei.n were found to 
oe aitere:i in bii^logical £ampies from animals trt:at-ra witn 
sliantly di.fferent out similarly ictoLng agents, the resuio can 
C'O statistically significant. When determining v;har is to be 
omsidered a p-ritein marker, a pritein may iC'nstitute a m.arker 
rf effiiary or toxin ty fir an ag-^nt even when nc-t statistically 
significant, in a single exf'eriment v'it:i one agent altne. 

1 :lenti float iC'n of a t'lotein mar'ker may iie perfi-rm.ed by 
d.eteoting p^roteins with aitereo ac^undance fir multir:de simtilar 
airenfs. The sim.ilarities rriay o^e rhem.iiial struit-.:re, f^notiC'n or 



P' r. y 3 1 C' 1 o i c <a 1. or to >' i c 



- f • 



. 'A i. 



n aients navmo 



c amm'in m.^i^chani sms of acticia is f-a r t i cu la r ly p^refcrred for 
m.arkers ^ti-m^paring relateci agents. An ideal examo^le is screenin: 
ni'W comipt)unds and oi^mparictg their marker changes to tnc-se of a 
standard t^ha rrr.aoeut : ca 1 navtng the same aeneral usage. 

For examp'le, methionine adenc'syl transferase has a p value 
aitC've Jo":'.;i for all of tne agents tested. If one reguired such 
a strinaent contioence l.et^el, this marker wituld be ionored. 
However for f lutrastat in, it is C.Ot. 



, for probucol. 



ec 



from animals treateo v;it. 




Annex in pravastatin 
MSN fluvastatm 



si: 



SIJ 



a 1. 1 n 



2 simvastst. in : 
9 simvastatin 0 
1 fl was tat in 0 



1 1 B 
I 3 (V 
^4i: 
■1 ^ : 



ova s : a 1 1 n 
io vast at m 
lovast at m 
s imva s t at i n 

prava a t a t i n 
simvastatin 



vj4( 



18 b 



15 



either exan:pies mclade MS] 
9:4 anc at hers. 

Wnen cetermining what is ■ 
c I'm.b i n a t i CT. s 'if prc'teins mav ci 



:o lie considered a n-rtvein marker, 
jnsiitute a I'lmb inat it-n marker of 



'fficaoy c^r t.i)xic.iiy f'lr an aaim.t . Even when two or m.'jre 



oroieins are nc^ 

oimisiiiered markers by t.hemselves, wher 
oimbi nai ici 



1 cm .L s 1 1 oa 1 i y s i qn i f r 'lan t 
s i de red in 



s iani f io ant. . 



the cC'mbination marker may be s tat i.st i la 1 ^y 
This is done by determinim.g pr-otetns wnion are a' 



samo^es 



fri'm. animals treated 



'a^ : t n 



1 ±.L[:a. i O 



s: a: 



30 
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, ana 



aet e r: 



ferent n::ecnar;ism3 of action 
.searcn:r.g fc;r now agenos 



Testing witn agento 
is c-a rt icoia rly proferrod whei 
P'loiono ia L iy new mecinanioms o.: action. Thie :. s 5;ea rc:ri i. ng oy 
poreiy so::ondary onarma ::eotical funct:i.:;n. 3y r-jmparing protein 
n:a.rkers izx:oss ciiff'er'ont agents, iesa :han statist ica L ly 
s i gn i f ioant. 1 y onanged p^r-ateins may beC'tme p)r<:)tein markers. B(Dth 
p^r:)oesses were used witn tne anoiiipemio agents in one present 
invent ion . 

Tnrc^r.on so i table oat a rriining ter;nniques, owe may even 
aetermrne t:<tmb mat ic-n niarker'S aor-jss tne s{:'ec:trom of different 
aO'Snts soon tnat even or^mbination ma.r<ers, whim are not 
s: atist Loal ly signi f loanr then, beoome signi f irant c^ms i oer rng 
their ijet erminat i e-n in m;ait.i{jle reiated agents. 

An index mar<e.r is similar to a S'Cimbinat ic.n mareer except 
that each p-rotein in the index is i:seif already stat ist i o^ally 
significant as a protein mar<er aione. An in(dex mar<er :s an 
aggregate of oloral sionifioant protein markers whrso. m^:en 



same moex marker 



am.f:^ie. me 
o:mbina tion. 



. r eme 1 y s i q n i f i c a r. t 



u* 1 r n 



ret T.ar.kers 



u-s :n cifferent 



.-\ r O die 



t-est m^ar kers 



r 



joe ^ ie\'ea 



havir-q conic-ere^y un 



1 c s 1 , cii f f 6 r 6 n t. lu 5 r k t: r s in 3 ■/ a - s o 
\- corr^oaring how cti^^ prcteir. changes 
others, .still other p)r<:'teio markers 



t A o - o 1 rr\ e n s 1 c ^ r a ^ e i e c t r o p n o r e : 
5 be aoco verea. Fur t he rioore , h 
ir aisundance with resp'OCt tC' 

tCMge:her wit.h (i.e., its abuodaroe lo a drug- treatment 
exn*sriment is C'Srrelatea with) HMCtr-sA synthase ( oyt'ssol lo ; , 

10 HMGCc-A syntnase (mi teehrodr la 1 ] , HhlGCoA synthase (cytosol:.o) 

(other fs-rm! ansi I P?- i S'tme rase . Alth<sugh M£N iel na.s a ? value 
of o:.:0: f=sr all drs^gs tested, i.t is sti.il considered a marker 
t'Oc^as^r t'f this strong oi-r r e lat is n wi:h other m.arkers fc>und by . 
In view s^f -his data, one may ocnohiae that protein MSN 261 is 

15 at least a t-rt'tem marker, and likely to be a t-rs'tem in tne 
td.S'Syn: het i'!: jsarhway fit ohslestsrs 1 . 

This m-'tho:i is oerfsrmesi isy sS':t:iis: r i n(j sll pro: e ins that 
cn3n:ie m abundance in tno' sam.e sr jpt)C'Site direotis)n as known 
prs'tein markers. Even if tne ohsino^e in abundanse tf the 

20 prspised prstem matter is est onaniiesi signif i s :ost 1 y , tne ^30t 

m. 5i r e r s i no i c s t e s it m.a y oe an a t c e p t a o 1 e mi a r ke r . 

Anstner methsd far findino a tiarker even wnen the data is 
net. s 1 5; t i 5 1 i 0 5i 1 1 v sianifisant is ts ds^termme v^hetner a protein 



ar- 



a ^ n e 



60 



cross 



aria a^er.z treatea samples is nctea. lOis is 
icle maiviciaals and coT.cared to established 



d : .oe::i 



paralleling knov;ri protein msr-iers may tnen be con;:;idered to oe 
''porctem markers" m their' :)v;n right. Such may tnen be assayed 
for tne multif.iile of p)urp)C'Ses as any other marker. 

Anitner metnoo fc^r m^iasarmj one proteins in a twi- 



oimens i mal e 1 e t ro^ph i^ret i o gel 



:eoe r'mini ng 



10 whether a proiein is present or aosent . For example, a firotem 
f jund m a bbi 1. igical sample from^ a C'lntr:)!. but nc-t m a 
cimparable saoxde from an agent e>:p(jsed tissue wDuld be C'f 
partiiular in*o";re3t as it represer.ts that the agent eliminated 
tne protein o I'mc'leoely . Likevoi s-i^ the reverse vine re a protein 

15 15 induieci only in treated out nt-t ocittrols is aiso o^ 

partiiular inter'ost. A p- value is not even calculable m these 
situati'ins as 'tne is comparing ti' zero. 

Pr-itein sft'it [^ISN 204, alanine aii.i not rans f era se , is present 
in co'ntrcls but is elim.inated in sarrples treated with 

20 antilipemic agents. A decrease may oe seen in low dose 
t reatment s f :t r s ime individuals . 



am stilt itou ^^01 nas tti: reverse oenavior o^y usually 
ant ir. lontrols and sc-mtE' times even in samples from low 

tern is consistently present. 
An cm her guai native or gr.ant : t a t : ve cnanoe m prrtem 



cemg a 

u■--^c;^ Q antii ii" 
dosages, this r 



uit oem; 



^ -~ - f 



r r ere; 



- ^ p. r 



<:1 .1 i 



li 3 e ci zo s r V e 3 s s s u i t c:. t; 1 e ria k e r for e f f i :^ a r v or t. c>: i c i t v . 
5 Tnis :Tiay -=e observed as Ei sr.: ft. ir scot l:o:^oior. rev; spot 
f J I'm 3 1 1 sn . 

M:jt srly tan the prs?sent invention detemire respsnse to an 
aiieno a.fter treatoi.ent has k-siron, but also s _.s ser:'tibi li.ty to 
tjxisiry Aith an az^enz or efteotive resp)C^ose ts tr-eatr-snt with 

10 me agent nay oe d-et errol oeci . Fu rt nerono-'E' , so:ro m :i i oa :. : c^n as to 
tne at:>{:' ro>r- r iat e dssage nay oe given. This is dc^ne, by measur-ing 
Sjxiiioy :r effisasy sus sepc ib i 1 ioy mar-Kors .in a tds'ligisal 
sample frsm a test tissre of interest 'C'Sfs-re treatment begins. 
The c rote i OS in :ne b 

15 'jr nanism c-r tissue may ire 

oraups 'depending in tne d^ata des.ired. The simpdest ci'mparisiT. 
is to unoreateo sCintrod.s. hiiwever, ciii-.p'a rti sons tC' OMisitive and 
negaOL'/e oreatea oiiatrids may aisi; o^e r^e^rformed. In onai 
siiuatiiii, tne oi'Sitive controls inibiile samples frcir trs-atment 

20 with an (agent having oh'E same mechanism ct action and agents 
naving a differeno mechanism but the same general effect, 
h'egatii^e treated ci^norols m.ay h-e fromL samLO'les treateii with an 
a'aent with ths- samtE' mecr. anism c-i action but ha vino an ocijosite 
effect c^r samjiies t rears d with a gen as natomg an unreiated 

mechanism, it is desirat'ie ti' compare to a composite effect of 



sar.t^ie :rom an a asm oreaoea 
tested aqarnst a numoior s;f I'Ohi-r 



62 



ana 



n ^ c; o 
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: .''-t - T r 1 o ^r. 



aaent having zhe. same mechanism 
mechanism of ac:iC'n and by a 
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Fr-irt osa-l, o -b i sc^h lapaa : asa (EC 3.1.3.11) 
Er .i ?t oaa - 1 , C-td sp h j3p:'. 3 : ase (EC 3.1.3.11) 
Ea m 5 r y 1 a a e t. o a c e t a t a h yd r o 1 a s e 
73<j ::lac'jse related y-ri'tein 

Gl.MOoae-6-phL'3p'hate 1 -<:lehy drogenase :EC 1.1.1.49) 
C L. y: a: aic'ae synthetase 
3';r:3 neat shC'C< p'rs>te:n 
Heme xygenase - 1 

H e t e r c e n e c^j; s nuclear r i it a :t a a 1 e a p r a t c- 1 n ?' 
H[13-':':tA syntnase, mi t C'Cratndr lal frag. ;EC 4.1.3.5) 
H[13-CcA syntnase, aytcsclia (EC 4.1.3.5; (MS!J 413) 
HMC-CC'A synthase, cytosolio (EC 4.1.3.5> (MSN 933) 
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_est yranii:-;' and l^vastatin gave the la 



r~ ^ q t- 



effect o 



orjtein raai'k'^rr^s tnat ar-E' i ed:. cat ia'^: c: cr resclr frcic tne 
i: I'e a inierit . W:. ife i^ons i :ie r able int. €-raniT.al variE:Ci]ity was 
tbeer'/e:i leactinq ti a hign CV an:: tnas higher ? valae, the 
abe-:)l..te ^han^e va;r gr^eateet. A iruick method fir r-eadmg this 
is ti cimpare tne rati is cj tne I'lntroLs. Tnis is believed to 

■1 jmc)ina': i ms i)f phar:t3 ::eut i ca 1 iirtp<jcnds in a cimoi'sltion may be 
rreoareo ^sincr inov;n effec:iV'i di'Sages I'f tnese kni'Wn 
C'na rmacect i ca 1 s in the i r ci-nven t i c^nal di^sages . 

Sosceii'tiiji lity rrsar<ers inclc.o.e the detecting if oenetic 
tod yir.'irp'nism { s ) resulting in an a.rrono acid seg-iioice '/ariant In 
all 'ir so'me !■ f the pritein. The agent o'lll interact differently 
aejjenoLng- <in the pid. yrro r'phi sn ( s ) ro'esen: . In additii)n, 
to 1 ymi rph 1 sm : s ' insl(>r i-r c-otsidi the (^i-dmg region i;f a gene 
may result in diffi;rent levels of ixpresslon. l^ne protein 
iT.ai'ki^rs may t^e invi;lvei; in the mitscoli: pathway or tney may be 
ni - st'O c 1 f i o aruQ metabidism o^r ret^air mechanisms. For example 
having a t^rotein variant in a comipc^nent of the cytochrome P-450 



o: 



:er an inaLvioi 
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iiy enzyme and/ or turnover 
1 X vi t-^ d 1 ' 1 "'^ a e a n a t a 



^0 



. a :. n 



"0 



ractors as ive^^. 



lanaes ai 



^ .'-T ^ 1- c; 



which alrer marker prcr^rirs abundance. 
5 Susceptibility narh.ers are determined by comparing the 

prateins an a prDteome I'rom mdiciduals knav;n to respond well t( 
the drug and rndLviduals known ta exoerien::e toxioitv' from the 
dime. This m^ a o^e done in the s E^m^e 'oarmiei as other mLoroer 
determination ano -ikewise used in one same manner. Proteins 

10 tnat are in::reased or decreased abive a statist i..cally 

s i.^rrii f i sant amount are deduced ti oe toxicity or efficacy 
sus rept it) 11 i t y markers. z^ihile many :^f the di f f e renC'is may be 
tj'i sniail to have any signifioan: effect, adequat-S' cimparison 
reveaJ.s certain maioers of sua sept ib i 1 1 1 y . Measurin:: such 

15 markers O'ermits one tc p'redete rmine whe-ther an agent is lioely 
ti' r-e asceptalile f':o~ the individual, species, breed ir variety 
ba;f ire t reatment begins . 

'Ine riiagnost 1^' <its of the present mventii'n are typically 
used in an "sandw^icon" form.at ti detect the pi'esence I'r quantity 

20 c:f p'rc'teins in a bio.higioal sample. A oe:-oir: pt i on o: various 

imrr.unc' assay tecnni(::i..e5 is founo in BASIC ANl CLINICAL IMMCLOLCG': 



■ 1 1 e s at a . 



;4tn id. 1982 an(d iijre recent editions) by D. P, 
p^ub.lisned by Lanqe t'edical Publications of Lc^s Altt^s, Cal 
and m a laroe numiier ' 
3, e : 0, "^5 2 and 4,012, 21 . 
mcc'iporat ed herein cv reter 



f . , .... 



Q -j^ ^ -K — p ^ ^1 ]^ ^ ^ 'J ^ L C 3 O 3 C ' ^ 

amplifying means vjheri zhe amclif' 
p r c 1 1 n or a n ci c o d V' . 

Impc;nrsnt to trie labeling a: 
ability tt aeterrtin^E? quantity af 



f a 



:inain3 tne 



;n s vs a em:s : a tne 



C'teaent to quantify the 



liaands present m the original sample. oinae the signal and 



its intensity is a measare of the numt^er if milec-.^les bound f 
the sample ar:a h^'noe if tr.e namber c:f reo-iptors biand, ihe 
num^cer ot li-aand mole sales in the or^iair.al ssmple mi ay be 
10 lietermineo. C)pto;. sal ~nz\ elect rioal signals are readily 

quant if iacde . ?: 3.di a 3i st i ve signals m.ay alsi' iie qu 5int i f i abl e 
liirestly :iut preferaoly is jetermini;d op-tioally by z.se of a 
s : anuaro so ini 1 1 1 at i m s ic kta 1 1 . 

Vvhile tne reieotirs mo)3t maiamonly utilizeii are antibc>dy 
mc'leoules, or' a pi-riim therei)f, one m.ay equally use o-ther 



rem. 



sp'e:ifio iiiniiino' reoet>ti:)rs s' 



lelL surfa.ce proiei: 



as normc 



ne rs-oepti) rs , cert a m 
Ti'F^S in the scientific 
1 o n a 1 t r a r. s (i u c 1 1 o n a n d 



literature^, an asso^rimen: of i-nzymes, 
binding proteins fi'uno in biolc-oical systems. 

Likewise lioands exemplified as prO'teins beli-w m.a 
small oroanic m^:decuies s\^cr. as ma? t a bo lie ni'i ousts In 



By s imu L taneoi 



aeo 



"lanv or a^^ mS't ac^O' i 1 1 es 



mp^( 



tfieotors may be drugs, 
stress, environmental chanoes, e 



an effecti't cn the cell, 
-us aoents, ohvsi oloqical 



*- a :^ a \ 



;rray, a sreo; 



r: zx : 



,r.G rr;ic^roarra^ 
:tect.ed ii'V a ni^rricer 
: r e f e r r' e ci b e i n c i r": 



a ^igar:a/^rec^ 



5 iab-E'led receptor to one 

coniC'Iex and detecting the label. 

Micra3i-ray3 cantaming maltiple recept-ars are kn:)v;n per se. 
An e3irli€:r disa^very of a test strip v-.thi rt_iltiple re::eptars nas 
^):z. omn"^ e ^ i 3 ' 1 ' a s li f o o e a o a' s . a '^i a' b ■'^ f a e s ^ a ^ s ^ r 

10 mult i. pie s iaiu 1 L ane-aus binding assay;- ai'e kn^avvn rr-er se in tne 
analytis testing field. 

Tne array may utilize antib-ady or other recepta-r display 
t-nage as a binciinc: agent c^r an immobilizing agent f-tr the 
pr'ttem marker ligand. Eitner^ tne receptc^r alone or the wnole 

15 disp'lay phage may h-e used. When used as an immalj 1 1 i z i ng agent, 
oifferent cells jf tne TLicroarray c^^ntam a different phage. 
When used as a Isiceled binding: ag'en: , t.he pnage niay be labeled 
(oa-f'jre C'C afts^r binding ts) tne ligand) i:=y a numloer a- f 
tec-hniques (suith as direct fluorescent dyes, e.g. TOi'C'-l, 

20 lak'Oled protein A ar G, laoeled ant:.-io, etc.^ and u::]:.zea 

withi'Ut pria^r identification of whii:h oisplay phage contains a 
carticular antiba-dy as an initial immoh'ilized captare receptC'r 
p e r f r m s tne d i s c r i m i n a o i a n . 

Tne leidmio'ies oescr:oeo m cr s lona 1 catena acrlication 



ncer 



e a a A^ n o e r a o^ n a ' 



10 



oeaci navinq ciiffei^enr snaaes cf a cnror;agen or aiiferent 
p)rcp3rt i :)n3 f ci:. f f erent chrcmagens or otne^r dotectable 
feat. ares. Ea::h bead or ser of oeads with t.he oarre ioentifying 
label's) is zo huive an immabilized ligand or receptor, 
InGi\'idjil 3'5ts af beads loay be laentified lo a mixture by 
spreading on a flat surface anci scanning or by mcving the beaas 
P'as: a lieteccc'r. The canib inat ion of trie labels and the bead 
label fs) provides ident i f i lat ion if the liaand of inierest in 



; ne s riioo ^ e . 



T n 



a t 



: f 



beads naving laoels to bead; 



witnoat laoeLs ir with liiffereni labels privide a quantitative 
meas arems'nt . Just as the saivole may be dei;uced frim which 
acidresses cintamed Labid.s m a tradit:onal ra l i rc^a r ray , wioh 
pliral unique beads^ the address nay be deouced by determining 
wnioh bead cc'^ntains oneir cor respc-nding label(s). 

Pharmaoeut i oa L ooms-is i t ions may be creptared for use in 
humans or animals via the oral, laarenteral o^r rectal route, in 
tne fi-rm of \vafer oaosuls-s, table^^ 



ui kabie so mat i ens , m] ecoao le soiut i c-ns , mc ^uamg ce ^a v 
fc^rms an(a sustained-release dressings for cransdermal 



. 1 



^u 



aamm : 



act 



o 



s a . 



?or 



a oenera^ 



)mDos 1 ' 



aooorama to tne i: 



on are advan 



. a O c ^- ^ 



"4 



-c c era: 



.nvenuion, me pr:a] 



1 ^ 



araae^rS, ca; 

int rar: jscul 5^ r 1 y, s abcurane ::us 1 y , 
m t ra\^enous 1 y , for exampla, by rr^earis of inject! ; 
It is especially preferred that the applicatii'ri 
invent 1 an cacur? m sicn a nanner that the act:' 



r-^rlease:! witn delay, th^: 



as a aect: 



are preferably 



:ordin 



a s 1 o n . 

tf to t h ( 



jnit dases can be :i ::ninrs tered, f'tr example, : t d 4 times 
10 daily. Tne exatt dose -depends on the metnod t f adminrst ratit;n 

ari-i the canaitrr-n to oe :r':?at-E'd. Natarally, it can be necessary 



J var 



dose r^tutLnely aet'encmg on tne a ^e ana tne weignt 



of thie Datient and the severit.v 'tf the monditi jn tt' be treatec 



15 EXAMPLE 1 



FeiEPARATTtl] 0^ 2 - 1 IMENS 1 (iNAL ELECTRl'PHOR^ 



20 



Male E:44 rats {Charlt:S River, Rah-iah, Xl ) , : weeis cf 
and W'rigning Inl-lil g were hc'usad indivioually in rat gang 
cages in an envi r-mment a I ly (itint r (d1 led .roc'm ana were feci with 



age 



water a a riO'itu::.. 



1 feed, rcMdiiit chow mil; 

lovastatm ana : 



' a a ■ 



( appr'CKlma t e ly 1 a ^ ma / ko / ciay ' lovas t a t 



aa vs 



pom 1 apprC'Ximat eiy 
hcav milled, with 15 JO ppm 
resrectivelv for 



K-- t:i 



: racen L ri t uae , 



:Q . 3 rotor, ICC, CO: 
. G u o s r r. 3 0 3 n ti v,' 3 s 



10 



15 



Ultrapure reagents for polyaorylaoiide: ciel preparatioo were 
obtained from Brj-F:ad ;Richmoni, CA) . AmphjCytes 4-3 were 
fi'DTi BOH -PodIo, 'CP'), ampnalytes pH 3-10.5 v/ere from PnarmLacia 
(L'opsala, Swed-^n^ ani CHAPS was obtained frjm Caito.aonem :La 
J:iila, CA; . Dei:'n:..2ed water frc^m a nigh C'..Mty water eyst^rm 
■ Meu-I jn, Ino., Baltimore, MD) was used. System, filters are 
onanged manthly to ensure 18MQ p'urity. HF'L'C grade metnanol and 
ifiasial aietic aii'l were famished from Fisher Ssientifio (Fair 
Lawn, aJ; . HPld gr'aae aietcnitrile was obt<;;ineci from Bake:" 
( E'n i 1 1 ipsbar J , NJ). Bioni :;threitcl hCTT; w.;;S ot:t3inea from 
Ca 1 1 a ro-S^:nles in ge Industries, Ino. (Carle Plaoe, NY). 
I :ol 0 a set amide , ammc^nium oio arb'inat e , t r 1 f lu(^ rC" ace t io aoid and a- 
oy.ano-4-hy dr jxyomnamio aoi :i v/ere obtained f rc-m 3 igma Chemical 
Ci. (St. houisi. Mijijified psrcine trypsin Wc^s purohaseo fr:jm 
Priimega (Madisjn, WI'. All chemicals (unless speoifieia) w^ere 
re<5:gent gradC' and used withcMit further pur i :d. cat i an . 

Sample ;;roteins were resolved with two-dimensional gel 



;Ander son, 1 o91 ) . 



■-a sam^pie we: 



^ 1 e o 



^ 



reis '.-ere run icr Jr, 



0 — n ours u s i n q ;a 



cvrc-gress ii'e ! y increasing ^ 
rogrammat' le pov;er supply , 
g r a d 1 e n t ~ 0 a s t i n a system C 
F c 0 < \' i 1 1 e , :1 1" ' V.' as used t ^ 



:aae with a n: 



oreoare tne sec 



iimension o. 



;lac 



^ a 



'6 



3 e ^ s v; ere r r; 



10 



were f 
p ro3r)h 
1 iters 
1 i t e i~ s 
crosf'h 
p-jw ier 
days t 



ima'jes 

dese ri' 
were m, 
chanoe 



:iil-:;tiori and were taken eut when the tracking dye reached rhe 
.em of the gel. Follev;ing S2S e 1 e e t r Dcno r es i s , the slai:- gels 
:.xed :)vernight m 1.5 llters/10 gels of 50-^ eohanol/3-^ 
■.■'ri:: isid and then washed three trmes for 3 3 min in 1.5 
iL! gels of sold DI watei:. They were transferred to 1.5 
13 ^els sf 34^ methanol /'It^^ amimsniun sulfate/3: 
r^rio a^rrd f jr one near, and after ohe adoiti. on :jf one gram 

Co-omassie Blue 3-253 the gels v;ere stainea for tnree 
:> aon i eve e a j i 1 ir-r lum in t^ens 1 1 y . 

T.ame:; slab gels were scanned and digitized in red light 
micri'r'i res'ilution, jsin:r an llikonix 1413 sc;anner and 
were priicessed using tne Kepler® software system^ as 
jOia !33ndersiin '54) . Group)wise soatistical cc^mparisons 
;.:de tc- searcn for t reatmient-related protein abundance 



20 



:ficatioi\ 



or.: I 



mci n ija 1 - \^ ex c 



es i:onoaining ohe proteins of interest we 



on a ... 



yfc-wel.. GO ^ '/p r op'/ ^ ene r::iorotiter c 
diaescraa v;ioh tri'osin acoordinc to 



.OS wer 



tne procedure of Shevche: 



e t a .1 f A n a ^ y 



v_..nemist ri' 



10 



15 



20 



'v' a ci d 1 r o 



roonr: temp^e >:at:ure m me 
rerr^oved and the sa:r.pie^ 



,q n ■:"] 



p a r 1. 1 a .L 1 



The jel pieces v;ere drieo a' 



' " C f c:^r 15 ni n an 



y rehydrated with 5 al j . 2' M ^JH^HCO. 
pl '-'-^ trypsin ^30 ng/vil;, tne sarr^ples v/ere mcartited at room 
temoer atare far 5 mm. A sufficient volume of j.2:M NH.^HCO, was 
added tat ensure complete submersion of tne gel cmeaes in the 
digest iC'n t-uffer. Samf^les v;ere incubated overni::[ht at 31''C. 



All samples v/ere acidified v;itn 



1 



ai a sia 1 ace 1 1 a 



:id 



Tryr:C:i(: pec titles were extracted t'y initially transferring the 
digest supernatant t-i a clean '^^-well polypropylene miiarotiter 
plate with tv;o subsequent extraction and transfer ^lycles of 60 
^f ^'f tOt IH.CN, 1^- 'jlaiial acetic acid. The cc;:^:bined e>:tract: 
supernatant v/as driea and reconstituted m 6 |,;1 1 ^rlaiial 
(aietic acid for sultsequent mass spectral sna^.ysLs. 

All s ample s we re prepared using a-cyan 3-4-hydrO'xycinnamic 
ati(j as the MALDl miatrix utilizing the dried drot'let m^etnod, 
Karas et al, AnalytLcal Chemistry 6 1 : T 1 1 ? -2 3 0 1 . The matrix 
silutic'n was saturated in 4 C ^- ChclN, 0.1^- tri 
tTFA^ in water. The peptide solution (1.0 ul 
to the sm.oith, sample plate target, then 1 . C' 



" 1 a c 1 o 
; was applied firsi 
matrix 



il 



so^utici'i was stirre.i m \ 
all owe a to air evap^-rate 



a I'l o 



[iATTl exce: 



^e^avea lo 



1 1 r o a e n ^ a s e !r 



"8 



10 



:aT:e 



r.coe u?:r7 a 2Z cias pct:er^i5i:, a 6 kV pulse and a 150 ns 
palsed delay ^ir^e. laal rr;! c r T'Caanae 1 olaae ;Model 304 CMA, 

reflector mode wiah ^ae loa s.iqaal reaardeci asia^ a 1-GHz 
transient digitizer (Model TDS 54GC, Te 
of 1 GS ^ s , All mass spestra represent signal averaging if 128 
Laser jjulses. The performance! of one mass spectrometer oroduoed 
saffioient mass resolution to produce the iscAo;:pic multiolet for 
each ion species lielow mass-to-charge [n/zi of 1001. The data 
was analyzed using 3R7\M;3,/386 softv;are (Galactic Incustries 
Gorp . 1 . 

All MALGl ma^s spe;.:tra v;e^r(: internally oalioi'ated using 
masses trsm two trypsin autilysis products (min : : s it oplc masses 
341.50 and 2G10.1C'. M.iss sp€:Ct:ral peaks were i;etermdned based 
or. a si ynal-tij-noi se dh'N) c^f 3. Two software caceages, Protein 
Prospector auiii Frcfc-und, w^ere used to identify prctein spots. 
The rat and misuse ncu^rechmaant nr* oataoase ::onsisting of 
GwissPt'it, PiR, 3er":eBani and O'WT was useci in :.he searches. 
Parameters used m the searches Included prC'teins less than 100 
kCa, greater than 4 matching peptides and mass ei^r^^^rs less than 
4 5 ppmi . 

For elect rosturay MS,/mS a hc:me-b'uilt mlcroelec^:.rcspray 
:.nterface sini.lar to an interface descriijed by Gatlm et al, 
Ana 1 y 1 1 ca 1 Bioc:hemi s t r y 2 6 3 : ?^ 2 - 1 0 1 19 0; 
Briefly the interface utilizes a PE:EK r 



was e:: 



1 p n r- 



^ ^ ^ f 
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>- 0 V--. ^ y- g r\ 



. n JO roc. 



: MichriDr; b LoKesc 

tee ec achieve a co^^-r: tccv; race or 4-C cl/:cic. 
5 Samples were loaciei cc-cclcmc uciliricc ac Alcctc cociel 1 t 

aut c^sampler ;Alcctt Ihr Dmacography, Norcross, 3A; . HPLC flow 
was split prior sample Loop injection. Samples prepared for 
MALDl were further diluted 1:3 in 0.5^ HDAc, and 2 ul of each 
samc^le was inject-td tn-:olumn. csina contact tlosures, the HPLC 
10 triggered the autisampler to miake an injection anci after a set 
delay time, trigg-e^red tne mass spectrometer to start data 
col le St 1 m . 

A 11 mm graoient ':)f 5-55t stlvent B (A: 2c ACN/0.5* HOAc, 
B: At:N-';.5?; HfiAs.^ v/as selecteii for separation of tr\'psin 

15 tigested pet'tiiies. Peptide analyses were performed on a 

nd.nnigan Lvtl ion •:rap mass spectrometer (Pinnigan MAT, San Jose, 
:A: . Pne neat:ed liecolvaticn capillary was set at 15]°C, and the 
el-tttrin multi]::litr at -ITl \'. Spettrii were acquired m 
autimated -IS/'MS miode with a relative collision enerav ;RCP^ 

20 t-reset tc^ 35^. PC' maximize liata acquisition efficiencv, the 

additii'nal paramieters of dynamiic exclusion, iso^topic^ exclusion 
and "tip 3 ions" were incorporated into the auto-MS/l^S 
procedare. Fc^r the "top 3 ic:ns" parameter, an MS spectrum was 



aces. 



^.uburn , 



'ont ae^ivery system 
reduced usina a sol. 



cv eo D" ' 



spectra corresponding to tht 
" 1 1 s 0 a n . This 



mi o s t 



recea t e 



^0 cerformed usmo tne SPSTPST ctmc: 
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C:> jraass Blue s::5:ined protein 5pc;ts. Lovascatin t rea ::rT:er:r 



5 alt.ere:! the a;:)ur. iE^nce :;f 6b liver proteins, 03S-E;a :;n tne 

ap:jii :'5;t i.c=r: ~f tne tx o - t o 1 1 -z^o S^noe:no's t-teot 1 nev;, :)ne Ic^st, 
^ >;itn pe:-.o:-jl and :.2 -.vith pO.Jti anol 6< with p<-J.j:;5;. All 
r n-r s: ar : ot.i :: it 1 y si ::ni f ioarit. cnaniies occurrei in the groap) 
re-:eivi.nc 15 hj pC'iri livastatin in feed fc-r 7 days, an arr^j-^nt 

10 si:rLilar t a the man dase ased m tne 24-niontn c ar a inc aen i a : t y 
stady in rats (P['?.). C'nanje- were evident m livers af rats 
areated v/ith 15 rprci havasaatm f^ar 7 days, an e>:pa)Sure 
ca^mpa ra.l:).l e ta tho; maximum ree.ommenaied daily da)se in humans, t-ut 
were not a^f s:atistieal s ign i f aoana-e . The pra)teins atfeoaed by 

15 tne treaimaTaa ars: ln>aicaaed wian so-aa numbers ana oroiein nan:^: 
in Table 1. Several pra^aeins hav^; ;aeen identifrea m ane 
rat liver reference 7-J pattern r'-^ol ished previa-usly (Anoer'SSTi 
et al, EJ ect 1 apna^res i s 16:la77-laal (19a5). These spots were 
previously naentilieo by a variety a-.t techniques. Many at tne 

20 sci'ts that wore not yet ...denaatiea and v;ere stra^naly atteatea cy 
lavastatm treatment wero: subtectea oo t rypt ic-digest ion ana 
laentified by MALDI-M3 and/or LC-M3/MS. The results are given 
1 n T a i: 1 o- s : a n d a b c v e . 
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SI 



experiment, the lovj iose v/as equivalent to the daily human 



' a e . 



.:: o::ip a r i 5 o :\ . :: r j s s z im:n a 
w a e re t a e r 1 1 e i a: r a i ■ i" 
oaj. J05 are iniliiatei. 



,ta :s prese^nted m triese taoles 
a siqnifiaance ot c<0.G01 ana 



e::":ample 4: indenti ficat: i>: cf further protein mar?:ers 

The ni-E!tnc-:ls of rixarnple 1, 2 and 3 were repeat ec: witn, 
10 I'lvastatin, ^ni-lestyr am.i ne, high choiestei-al diet and a 
ci'mr'inat Ten ot livaatatin and cholestyramine. In each 
experiment, am- dc>5e v;ai eauivalent ti sliahtly maimer tnan the 
maximal human tnerar-eatia alose. The rata were somewhat older 
ar.d slight exp-r r imeni al r-ra^tjiiol differences were used and thus 
15 the data is nC't directly ci'm.oarable tC' tnat in ExamO'les 1-3. 
Ai'r-ass agent c:a:a i? presented m Taoles 3 and 4. 



It will to und<erstii'0 a ha a vario'^s mLiidi f icat i c-ns may be 
made to the eitbodimient s cisolosed herein. Therefore, the above 



20 do so 



a noi t-e c ens a ruea 



.. e a ^ n 



exempi i r loa 1 1 ciis o t re : o tea emoou iment s . ^ na ae s k. 
art will envisia^n other ma:ai f loations witnin the scape and 
spill! of h e claiVLS ao^o*--"noed nereao. 

All patents ana references cited herein are exp-iicitly 
incorporated by reference In tneir entirely. 
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